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HELIOTELLUS. 


When the Earth’s axis is pointed to the north, it will 
continue so pointing throughout the revolution, and will 
be in the Ecliptic. The Earth rolls over from west to 
east, and if the Equator be continued to the sky, it will 
meet the Equinoctial. So with the Ecliptic, if continued, 
it will come near to the Moon, near to Mercury, near to 
Venus, and always to the Sun, for the ecliptic plane. 

I have now in my possession all the Heliotelluses for 
sale, made with a set of tools costing $25,000, which tools 
were afterwards destroyed by fire. They were so accurate- 
ly made that the Heliotellus cannot now be duplicated for 
less than $250 each. The greatest impediment I find in 
their introduction is the Tellurian, which makes a false 
showing of the heavenly movements. It is a device in 

S which the Earth’s axis wabbles around the zenith and 

“Saar - never points to the north. This is the greatest bearier to 

the comprehension of this most sublime of the sciences. The Heliotellus shows so near the 
truth that it is not hard to comprehend. 

In high schools, seminaries, colleges, and all places of learning we find many globes 
and maps of the earth, but where can one be found having the Equator of the Earth so con- 
structed that if continued it will meet the Equinoctial in the right place on the sky ? Every 
child should have a truthful understanding of science. The Ecliptic should be correctly un- 
dertood. All instruments which show imperfect teaching are hurtful; those which teach 
correctly are useful. The one should be rejected, the other sought for, and when found 
should be prized even as a “ pearl of great price.” Three hundred such I now possess, all 
perfectly made, and I now propose to sell two hundred at the reduced price of $20 each, or 
for $65, the price of one, I will send four, each well packed in a strong box to carry by 
express anywhere. Address, 


HENRY WHITALL, 
BELVIDERE SEMINARY, BELVIDERE, N. J. 
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PULKOWA DOUBLE-STAR WORK. 


[By the kindness of a friend, we have read a private letter written by OTTo STRUVE, some 
years ago to S. W. Bu RNHAM, of Chicago, cor g double-star studies. With pleasure 
and Mr. BURNHAM'’sS reluctz ant consent, after ma at first a positive refusal, we give selec- 
tions from the pen of Pulkowa’s scholarly astronomer.—EbD.] 


First of all, accept my most sincere thanks for your letter, 
and the assurance that it will afford me great pleasure to cor- 
respond with you upon the subject of Double-Stars,—a subject 
which has constantly occupied my attention, with short inter- 
ruptions, since my youth, now more than forty years, and most 
intimately accompanied the growth of my scientific life. To 
have fellow laborers in this field, greatly enhances my pleasure, 
especially when they take hold of the subject as earnestly and 
eagerly as you and Baron DEMBOWSKI. Our efforts, just be- 
cause they are not identical in their directions, complement 
each other happily, and then there can be no mistake that in 
such ways, by united strength, happy results are brought to 
light. 

From the various writings published by me, you will have 
recognized in general the character of my efforts in this de- 
partment—the investigation of the motions of the northern 
hemishere in single systems. Still more evident will this ap- 
pear, when the whole series of observations which I began to 
print at the end of last year, shall lie before you, published in 
full. But in order to render possible, even now, a deeper in- 
sight into this work, and, as the printing progresses, to gratify 
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the wish expressed in your letter for the communication of 
new measures, allow me now to send you the accompanying 
twenty proof sheets of that work. I will, if agreeable to you, 
continue sending them at proper intervals. To explain: I 
have divided the publication into four sections, the first of 
which embraces the W. STRUVE stars; the second the O. 
STRUVE stars; the third the double-stars, which have been dis- 
covered by other astronomers (J. HERSCHEL, BURNHAM, 
DAVIES, ALVAN CLARK); the fourth, doubles of the fifth 
and sixth classes of HERSCHEL, and other stars with great 
proper motion. Finally, during the preparation for the press, 
I shall supply the most recent measures as a supplement to all 
four of the preceding sections. The publication is divided 
into two volumes (Volumes IX and X of the Pulkowa Obser- 
vations) and, as an introduction to the first part, will contain 
in addition to the historical portion, the investigations con- 
cerning personal and instrumental errors, while the introduc- 
tion of the second part will contain the comparison of the re- 
lative motions with the absolute ones, which may have been 
especially determined for the purpose with the meridian instru- 
ment here. Unfortunately, the work has suffered many inter- 
ruptions, and they still threaten it even now, since I am able 
to devote to it only a comparatively small portion of my time, 
qn account of other duties—director for twenty years of the 
Observatory, and for thirty-five years Scientific Conductor of 
the extended geodetic and geographical labors in the Russian 
realm. 

I cannot but acknowledge the validity of the grounds which 
have induced you to include in your forthcoming General 
Catalogue each and every object which has been designated as 
a double-star by any astronomer, those cases naturally except- 
ed where the observer himself has afterwards pointed out an 
object which he had introduced erroneously. Through this 
completeness, and still more through the care which you have 
exercised in the identification of the objects hitherto uncertain, 
and in the fixing of the positions, your work will undoubtedly 
have a very high scientific merit ; and it gives me pleasure to 
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extend to you, in advance, thanks for it. According to my idea, 
completeness in reference to what is designated by any one 
anywhere as a double-star, is of less importance than a know- 
ledge as complete as possible of what the sky presents only 
within limits rigidly fixed in reference to distance and bright- 
ness. Perhaps you might even yet have the desire to elaborate 
your work in the given direction, and therefore I will take the 
liberty of laying before you my views in reference to it. Asa 
starting point we lay down the proposition : double-stars are 
such stellar pairs as move about one another in orbits under the 
special condition of mutual attraction of the visible compo- 
nents. Thus we possess already in the researches of my father 
(Cat. Novus, Mens. Mic, and especially Pos. Med.) frequent 
evidence to confirm our judgment in regard to the limits, 
which, according to the laws of probability, and corresponding 
to our present proofs of gravity, should be adopted for a double- 
star catalogue, in this more limited sense. 

Such a double-star catalogue is a real need in order to give 
relative limits to those who wish to engage in micrometrical 
measurements, and to diminish the waste of energy. It would 
furnish directly a more secure foundation, now almost entirely 
wanting, for rendering computations according to the theory 
of probabilities valuable, and leading to wider and positive re- 
sults. In this case, however, care should be taken that the 
catalogue be so constructed that it should receive no modifica- 
tion for a long interval of time. A simple division of your 
present work into two parts, say into special double-stars, and 
such stellar pairs within four minutes distance, as have been 
noted and measured by different astronomers—or say in 
Duplice, Lucide and Reliqgue, would not in itself alone lead 
to the limits; since hitherto, definite limits in reference to 
brightness and distance have been accepted scarcely by any 
one observer. Thus first of all, a systematic revision of the 
heavens would have to be carried through, in order to obtaina 
uniform material. An important auxiliary for this, with ref- 
erence to the brightness of the objects to be investigated, has 
now been furnished through the Bonn Durchmusterung. On 
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the basis of your own work, you will probably find the state- 
ment true, that to magnitude 7.0 (according to W. STRUVE) 
and distance 16 seconds in the northern hemisphere, only a 
small percentage are still unnoted. Within these limits fur- 
ther accsessions through a new revision, could only be very few 
*in number; although as the systems discovered by you (e. ¢. 
32 Delphint) show that, even among the few objects hitherto 
unnoted, perhaps especially interesting systems might be dis- 
covered. 

But I think it would be desirable to extend the limits, and 
perhaps to accept for the principal stars 8.0 (according to AR- 
GELANDER) as the limit of magnitude; for the companion, 
without regard to magnitude, 32 seconds as the limit of dis- 
tance, by which named distance the ratio of the physical to the 
optical double-stars, as experience teaches (Poss. Med. page 
CCXXXX) is at least in the case of the brighter companions 
very nearly I to 1. But beyond 32 seconds the ratio rapidly 
diminishes, while within that limit the number of optical 
doubles is proportional to the square of the distance, and soon 
it would increase to a figure well nigh immeasurable. Beyond 
these limits, it would be important to establish limits in re- 
spect to the magnitude of the companions. Exception should 
be made of these doubles for which, as ¢. g. Regulus, go Eri- 
dant, etc., the physical connection, in spite of the faintest of 
the companions, is already assured, or at least very probable. 
For discovering such exceptional cases, which are indeed of 
great interest, such a Catalogue as the one you are now finish- 
ing would be certainly of great use. But the number of these 
exceptional cases is infinitesimally small, compared with the 
mass of those objects which could be registered, being only op- 
tically near one another. 

My opinion, to sum up, is then as follows: a double-star cat- 
aloge in the specified restricted sense is a real desideratum, but 
it should be based upon a systematic revision. What limits 
should be retained for this naturally stands open for further 
discussion. In the first place, it would be necessary to find the 
forces for such a work, which, even within the limits of 8.0 
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magnitude for the primary, and reaching from the North pole 
to 30 degrees south declination would require the setting the 
telescope upon, and careful examination of about 80,000 objects, 
and which therefore ought not to be laid upon a single observer. 
But if three or four observers would be willing to share in the 
work, then it could be far advanced in a couple of years. I 
have already thought of directing the refractor here upon this 
work, as soon as I finish my present publication, which perhaps 
will still require two years, and demand various supple- 
mentary investigations. But here we certainly would be lim- 
ited entirely to the northern hemisphere. Now perhaps you 
yourself would like to take part in such mutual work, and I 
should think that one or two especially interested in this sub- 
ject might be found in Germany or England. Besokind as to 
give me your opinions upon these suggestions now thrown out. 
The task which you have set yourself at in the completion of 
your General Catalogue, namely, of collecting as fully as possi- 
ble, and with all concordance, whatever is designated anywhere 
as a double-star, and to clear up by personal observation all 
doubtful estimates therein, and to correct the chance errors 
which have occured, is truly no easy thing; and I wonder at 
the energy which has enabled you to advance through the work 
in a few years. Twenty-five years ago I undertook to invest- 
igate only those stars in J. HERSCHEL which were not already 
included under the W. STRUVE, or O. STRUVE stars, but 
which according to the given description, might be reckoned 
as far as possible among double-stars in the restricted sense, 
as also those casually noted as double by BESSEL and ARGE- 
LANDER in their zone-observations, in all six hundred and fifty 
celestial objects, and I remember that this work cost me much 
time and fatigue. And what an infinitesimally small fraction 
has that work of mine been, in comparision with that which 
you have accomplished in comparatively so short a time ! 
Besides this, you have undertaken the work of enriching 
your catalogue with a description as exact as possible of the 
pairs, and statement of their relative positions, as well as with 
reference to all measurements, whereby the labor of later 
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workers in orbits will be much lessened. In this part of the 
work, it will not be entirely agreeable to you to learn that my 
work, which will contain by rough estimate some 10,000 ob- 
servations, generally made under good atmospheric conditions, 
will be only partially accessible to you before the printing of 
your catalogue. 

In the fourth section you will also find a series of objects 
which are probably not mentioned in your catalogue, but pos- 
sibly belong in it according to the plan of your work. In re- 
gard to these, however, I do not think they ought to be num- 
bered with double-stars. I have for a long time connected by 
frequent careful micrometric measures about one hundred 
stars, distinguished by very great proper motions, with neigh- 
boring, and generally very faint stars, in order to investigate 
their connection for the purpose of determining their parallax- 
es. But to number such stellar pairs among double-stars 
would be to go far out of the way. Nor have I permitted my- 
self for a similar reason to designate as new, distant compan- 
ions of known doubles, although at the time I have connected 
them by measures. 

The numbers O. STRUVE 540 to 549, in regard to which you 
desire more explicit information, I hastily collected only a short 
time ago, at the desire of Baron DEMBOWSKI, without being 
able to undertake in reference to them a careful comparison 
with other catalogues. I take the liberty of copying out of my 
record books the following details for your use. [These details 
omitted. ] 

As you have also consulted the Bu//etin of the St. Peters- 
burg Academy, no other publication occurs to me which has 
appeared here, that you have not yet referred to in your work. 
I will take the liberty however to add a copy of the catalogue 
Novus, and the Positiones Medie to our next package for- 
warded through the Smithsonian Institution. The Catalogue of 
1843 is unfortunately entirely out of print. Perhaps I might 
also procure for you a copy of the volumes of the Dorpat Ob- 
servations, which contain MADLER’S Double-Star Measures, if 
you do not yet possess them. MADLER’S measures have in- 
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deed only a very subordinate value, still they belong to the 
history of this subject. 

I thank you for sending your paper upon the so-called 
HERSCHEL’s General Catalogue. Although as you correctly 
remark, this publication is worse than useless, I could not omit 
its notice in the Viert?/jahrsschrift on account of HERSCHEL’S 
name. 

Recently, together with the further editing of my observa- 
tions, I have been specially occupied with investigations on the 
orbit of 61 Cyguz. During the last decade, both components 
have shown a decided diminution of their motion in a straight 
line. Under a supposition of a uniform motion in a circular 
orbit, this would give a period of revolution of abont six hun- 
dred and fifty years. 

I must beg your pardon for writing in German, my mother 
tongue, although in earlier years I corresponded regularly in 
English with my English friends, and do this even yet with 
some of them, e. ¢., my old and honored friend, Sir GEORGE 
AIRY. But I find that with an increasing age, correspondence 
in foreign languages becomes a continually increasing labor, 
especially, if, as with me, duties multiply, and do not permit 
proper time and care to be given to each letter. In reference 
to reading foreign languages, I find, however, it will make no 
difference if your answers follow in English. 

Till to-day your letter has laid in the portfolio devoted to 
unanswered communications, and I rejoice that I can now take 
it out, since I hope that the present letter, which has already 
grown very long, will give you clear evidence of how highly I 
value your labors, and at least free myself from the reproach 
of indolence in writingtoyou. With the highest esteem, yours 
with true devotion, OTTO STRUVE. 





Among the interesting papers in a late issue of Mature 
(June 3) are those on Sunspots and Prices of Indian Food 
Grains by Frederick Chambers, of Bombay, and the Physical 
Appearances of Mars in 1886 by W. F. Denning, of Bristol, 
England. This double number is unusually good. 
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DIFFRACTION. 





By HENRY M. PARKHURST. 

After making many observations with different forms of 
photometers, founded upon the principle of the reduction of 
the aperture near the eye-piece, I at one time suspended them 
for several years, chiefly in consequence of my inability to ex- 
plain the contraction of my scale as compared with that of ob- 
servers using the principle of polarization. During the last 
three years I have been observing variable stars, sometimes 
by comparison and at other times photometrically, and in the 
latter observations have again met the same difficulty. This 
became especially glaring in the attempt, by means of a new 
logarithmic cap with a much narrower opening than I had be- 
fore used, to connect the stars of the Harvard Photometry with 
my comparison stars. The brighter stars would disappear with 
an aperture 50 per cent greater than they should have done 
with the accepted ratio of 2.512. 

The photometric results of Prof. Langley, in determining 
the reduction of light in its transmission through wire grating 
(American Fournal of Science and Arts, Sept., 1885,) sug- 
gested the query whether diffraction was not the source of my 
difficulty, since the logarithmic curves for the brighter stars 
approach each other very closely, in the case of the last cap 
above referred to, within 1-30th of an inch. I was unable to 
learn that there was any mathematical way to ascertain the 
amount of loss of light by diffraction in a cap of given dimen- 
sions, and attacked the problem in the following way. 

I reasoned that the light cut off in passing a straight edge, 
for instance, the side of a large, square cap, would equal a cer- 
tain definite width, x, so that with such a cap the effective 
light would correspond with an aperture 2x smaller, without 
diffraction. In order to determine x, we must know approxi- 
mately the law of the extinction. I assumed for trial three 
different laws, involving the first, second and third powers of 
the distance from the diffracting edge. The first power in my 
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formula indicated uniform extinction over the whole width x 
affected. The second power indicated an increase in ap- 
proaching the edge proportionate to the distance from the 
limit of effect y; and the third power increasing in proportion 
to the square of the distance. Neither of these was a plausi- 
ble theory, but I hoped that for distances greater than 1-30th 
of an inch one of them would give satisfactory results, and I 
could not devise any theories of equally easy computation 
which would answer that purpose. 

Covering the open space at the end of the curve, to increase 
the effect and to allow of the observation of a much wider 
range of brightness, I made three series of observations, two 
with the above cap and the third with the next narrowest cap, 
and computed the apertures at which the different stars disap- 
peared. Then assuming different values of x and y, and the 
three different powers, I satisfied the observations as well as I 
could. The result was that whichever power was used the 
value of + came out .04 inch as the least that would be admis- 
sible, and that a change of the power made no appreciable 
practical difference with the logarithmic caps that I employed. 
It varied largely, but with the second and third powers the 
proportion of the diffraction beyond the distance .o8 inch was 
so small that the errors of observation made it doubtful, even 
with the narrowest cap, which need no longer be used. As 
the practical result, I have enlarged the openings of my log- 
arithmic caps by adding .04 inch all around the margin. It 
remains to be seen whether in actual, long continued use it 
will be found necessary to increase the value of x, which is the 
only question necessary to be considered in ordinary photo- 
metric work. 

Although, from the peculiar shape of my apertures, the 
question of diffraction is especially important in my apparatus, 
all other modes of determining magnitudes by measurement 
of aperture are subject to the same errors, especially when 
those measured apertures are small. Assuming 9.2 mag. for a 
circular aperture of one inch diameter, clear of diffraction, 
there should be an allowance on account of diffraction for the 
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different magnitudes as follows: 1I4 mag., —.02; I2 mag., 
—.05; 10 mag., —.12; 9 mag., —.18; 8 mag. —.28; 7 mag., 
—.44; 6 mag., —.65; 5 mag., —.93. From this it appears that 
the actual magnitudes corresponding to the last two aper- 
tures would be 4.07 and 5.35; an actual difference of 1.28 being 
contracted to a measured difference of 1.00. 

It is manifest that this error is not confined to the brighter 
stars, when fainter stars are measured by means of small aper- 
tures ; for if, by cat’s eyes, an iris diaphragm, or any similar 
plan, the actual aperture used is less than an inch, the error 
of the scale becomes noticeable, no matter how faint the stars 
which are measured. For instance, by a comparison of the 
observations with Photometer I, in the third report of the 
Committee on Stellar Magnitudes, with the observations with 
the meridian photometer and with the wedge, it will be found 
that in the average the scale is contracted half a magnitude 
for each star of the 24 stars. Diffraction would produce acon- 
traction of the scale ; but it would require a reference to the 
original observations to ascertain the degree of correspondence 
in the amount with that indicated by my own observations, 
It will be noticed that the large discrepancies between the 
wedge and Photometer I, occur with the brightest stars ob- 
served ; whereas it would seem that the brighter stars must 
have been observed with a larger aperture, making the dif- 
fraction the least. Probably this is to be explained by the 
fact that the observations were differential, and that the whole 
series with Photometer I was increased beyond what it should 
have been, by a constant amount; so that the subtraction of 
that amount would make the observations of the bright stars 
consistent, and throw the discrepancy upon the faint stars 
where the effect of diffraction would be greatest. 





The Lick Trustees have decided to purchase from Messrs. 
Feil and Mantois a 36-inch crown disk, which was made by 
them at the same time with the crown disk of the objective 
now in the hands of the Clarks. The Clarks “have received 
the order to figure this disk as a third (photographic) lens for 
the large objective.” 
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A SHORT METHOD FOR COMPUTING OCCULTATIONS. 


CHAS. L. WOODSIDE. 





FoR THE MESSENGER. 

The more general observation of occultations of stars by the 
moon by observers in all parts of the earth is, it seems to me, 
very much to be desired ; for occultations, accurately observed, ° 
furnish information to the investigator of the moon’s motion 
of a character nowhere else to be obtained. Comparatively 
few occultations are observed, however, owing principally to 
the large amount of time and labor necessarily consumed in 
the computations, all of which is lost should the sky be ob- 
scured during the occultation. The method here presented 
will, in a great measure, I think, avoid this difficulty, for so 
little time (not more than fifteen minutes) is consumed in com- 
puting an occultation by this method that the computation 
need not be made until just before the occultation takes place 
if the sky is clear, but if cloudy we need not compute at all, 
thus saving our time and labor. Furthermore, the computa- 
tions are very easily made, neither the times of immersion 
and emersion or of apparent conjunction having to be assumed 
and the entire data being taken from the American Ephemeris 
and Nautical Almanac, and one table easily prepared before- 
hand for the particular latitude; it is so simple that a school 
boy can obtain results equally as accurate as can be obtained 
by a mathematician by the usual methods, and the entire com- 
putation can be gone over and proved in less than ¢wwo minutes. 

I originally intended to give but a brief notice of the method 
for practical observers, but have concluded to describe it at 
length for the benefit of such amateurs as may be interested in 
but not familiar with the subject. 

The method is partly graphic, the diagram being drawn with 
reference to a certain scale, from the data above mentioned. 
This scale is called the ‘“‘ Latitude Scale,” the number of inches 
equal to ten (10) divisions being found by multiplying the 
cosine of the geocentric latitude of the place of observa- 
tion by the geocentric radius of the earth at the place, and 
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dividing unity (1) by the amount so found. This scale is in- 
variable for all computations involving the latitude of the 
place for which it is constructed, and the quantities O, Y, z’, 7’ 
and the moon’s semi-diameter express the number of divisions 
of this scale to be taken in making the diagrams. 

The occultation is to be projected on a plane passing through 
the earth’s centre, perpendicular to a straight line joining the 
earth’s centre and the star. On this plane we project the 
earth’s central meridian and the parallel of latitude corres- 
ponding to that of the observer, (as seen from the star) in the 
form of an ellipse, the semi-major axis of which is always ten 
(10) inches long for all latitudes and is perpendicular to the 
meridian line; the semi-minor axis of which is of a length 
equal in inches to the sine of the star’s declination multiplied 
by ten, and is coincident with the meridian line. This ellipse 
represents the apparent diurnal path of the observer, and, the 
visible pole being placed at the top of the diagram, the semi- 
ellipse visible from the star will be aZove the major axis when 
the latitude and star’s declination are of an opposite name and 
bclow it when they are of the same name. The place of the 
centre of the ellipse on the plane of projection is at a distance 
from the earth’s centre equal to the quantity O, which quantity 
is found by multiplying together the sine of the geocentric 
latitude, the geocentric radius of the earth, the cosine of the 
star's declination and 100. This quantity is to be measured on 
the meridian line, north from the earth’s centre if the latitude 
is north and south if the latitude is south. 

The moon’s path on the plane of projection is represented 
by a straight line, the direction of which is found by means of 
the co-ordinates z’ and y’, the former being measured on a line 
parallel to the major axis of the ellipse and the latter being 
measured north if prefixed by the sign +, and south if prefixed 
by the sign — (as indicated in the Ephemeris) on a line join- 
ing the easterly extremity of x’ and perpendicular to it. The 
place of the moon’s centre on the plane of projection at geo- 
centric conjunction in right ascension is at a distance from the 
earth’s centre equal to the quantity Y, which is found by mul- 
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tiplying the quantity Y, as given in the Ephemeris, by 100. 
This quantity is also to be measured on the meridian line, 
north from the earth’s centre if prefixed by the sign +, and 
south if prefixed by the sign —, as indicated in the Ephemerts. 
The co-ordinates x’ and y’ represent the moon’s hourly mo- 
tions in right ascention and declination respectively, and are 
found by multiplying the quantities x’ and y’ as given in the 
Ephemeris by 100. The moon’s semi-diameter is always equal 
to 27.23 divisions of the Latitude Scale for all latitudes and 
occultations. 

The ellipse (which for convenience we will designate as the 
star’s path) is to be divided into intervals of five minutes of 
time by drawing ordinates to abscisse of lengths equal in 
inches to the sines of 114° multiplied by ten, 22° multiplied 
by ten, 334° multiplied by ten, etc., up to 90° multiplied by 
ten, all measured perpendicularly from the minor axis. This 
dividing of the ellipse is for the purpose of showing at once 
the place of the star for any moment of hour angle and is the 
same for all occultations. The moon’s path is also to be di- 
vided into hours and minutes, the extent of the moon’s motion 
in one hour being exactly equal to the hypothenuse of the 
right angled triangle formed by the co-ordinates x’ and y’. 

The moon’s and star’s paths having been laid out, it will be 
evident that, given the local hour angle of the star at the time 
of the moon’s geocentric conjunction in right ascension, we 
know at once the exact places of the star and the moon’s cen- 
tre at that moment; for the place of the former will be at the 
hour and minute on the ellipse indicated by the hour angle 
and the place of the latter will, of course, be at the meridian 
line. Knowing this, and knowing also the extent of the 
moon’s motion in one hour, we can easily find its place for any 
other time by dividing its path into hours and minutes, reck- 
oning from the meridian line and the time of the hour angle ; 
and the moon’s path is therefore to be divided throughout its 
whole extent for that purpose. 

Now as the moon and star move along in their respective 
paths, there will be two places where the moon’s centre and 
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the star will be separated by an extent equal to the moon’s 
semi-diameter, at the first of which will occur the immersion 
and at the second the emersion. Now, knowing the local 
mean, standard or sidereal time at which the moon’s centre 
was at the meridian line (at geocentric conjunction in right 
ascension) and also knowing as before, the extent of its mo- 
tion in one hour, we can easily find the time at which its cen- 
tre was at any other place on its path by again dividing its 
path into hours and minutes of the same scale as before, reck- 
oning from the meridian line and the time of geocentric con- 
junction; and its path is again to be divided throughout its 
whole extent for that purpose. Therefore, the places of the 
moon’s centre relative to this second division of the moon’s 
path will correctly indicate the local mean, standard or side- 
real time (whichever it is desired to find) at which the immer- 
sion and emersion will take place. Circles may be drawn to 
represent the moon and the north points and vertices marked. 
The north point is in a direction from the moon's centre par- 
allel to the meridian line ; the vertex is in a direction from the 
moon’s centre parallel to a line joining the earth’s centre and 
the star. The angles which the points of immersion and emer- 
sion make with the north point and vertex may now be easily 
measured. 

Now, in order that the diagrams may be drawn with the 
greatest facility, the computer must supply himself with the 
following things: 

First, the “‘ Latitude Scale.” This may be made with pen 
and ink on the edge of a piece of card, but as the scale is in- 
variable for the place, the divisions had better be cut on 
wood or metal. The number of inches equal to ten divisions 
of the scale is to be computed as previously directed. 

Second, an ellipsograph. This instrument may be purchased 
at any mathematical instrument store, or one made for the 
purpose. The one I use consists essentially of two bars or 
tracks of 44 in. square brass placed at a right angle and 
screwed to a triangular piece of sheet brass. On each of these 
tracks slides a carrier, which carries a bar at one extremity of 
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which is fastened an ordinary writing pen. This does the 
work very quickly and accurately. 

Third, a card, on which are drawn the ordinates to the el- 
lipses corresponding to five-minute intervals of time. These 
ordinates have abscissze of length equal in inches to the sines 
of 114° multiplied by ten; 2%° multiplied by ten, etc., up to 
90° multiplied by ten. Thus, 5”=0.218 in., 10°=0.436 in., 
15”=0.654 in., etc., all measured from the minor axis. The 
diagram paper being laid on this, the ordinates will be seen 
through it and may thus be easily marked on the ellipse. 
Only a small portion of the ellipse is required in practice. 

Fourth, as the extent of the moon’s hourly motion differs at 
different times, a scale of equal parts for dividing this extent 
into minutes of time will be required. This “hourly scale” is 
also to be drawn on card, 52 divisions of the latitude scale 
across the top and 64 divisions across the bottom—top and 
bottom divided into six equal parts and one of those parts into 
ten, and connected by straight lines. 

Fifth, the moon’s semi-diameter scale, being simply a piece 
of wood or metal, diamond shaped, the length of which is ex- 
actly equal to 27.23 divisions of the latitude scale. 

Sixth’a table giving the quantity O and the length of the 
semi-minor axis for every ten minutes of declination up to 28°. 

Seventh, compasses, pen and ink (or pencil if preferred), 
paper, a T square, a rule divided into tenths of inches, a 
straight edge about twenty inches long and a protractor for 
measuring the angles. 

To illustrate the working of this method, let us compute the 
circumstances of the occultation of 37 Sextantis, 1886, April 
14, for Harvard College Observatory, Cambridge, Mass., the 
position of which is: 


Latitude geographic,..................=+42° 22’.8 
Longitude from Washington,...........=— 0” 23.7” 
Difference of time, Standard (75th mer- 

idian) and Washington,......... =— oo 8.2" 


and the co-ordinates for which are: 
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of geocentric conjunction thus: 


minor axis, 





log p sin ¢’=9.82641 
log » cos ¢’=9.86915 

Latitude Scale, 10 divisions = 1.3516 inches. 
Turning then tothe American Ephemeris, page 425, we take 
out and compute the star’s local hour angle and standard time 


> 
Diff. longitude =—O 23. 
*Local Hour Angle =+1 31. 


Wash. Hour Angle =+1’ 7.9” 
7 





Wash. M. T. of Conj. =10* 15.3” 
Diff. time =o 8.2 


Standard Time of Conj. = 10 23.5 
Also, we take out from our table for finding O and the semi- 


O=66.55 divisions. 
m= 1.21 inches. 


and from the Ephemeris, mentally multiplied by 100, 


Y = +76.25 divisions. 
v= $790 “ . 
y=-1749 “ 


and we are now prepared to construct the diagram represented 
in Fig. 1, at one-fourth the real size. Commence by drawing 
the meridian line and major axis, so placing them that when 
the ellipse is drawn the place on it corresponding to the star's 
hour angle will be at or near the centre of the paper. Now 
draw the ellipse (or that portion of it required—usually about 
two hours) and mark the five minute intervals of time on it. 
Then with the latitude scale measure O south (as the latitude 
is north) on the meridian line to find the earth’s centre and 
from this point measure Y north (as that quantity is +) 
to find the place of the moon’s centre at geocentric conjunc- 
tion in right ascension. Next measure and draw the co-ordi- 





* Hour angles must always be considered positive, 7. e., past the meridian. 
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nates #’ and 7’, and draw the moon’s path; measure on a slip 
of paper the extent of the moon’s motion in one hour, and, by 
the aid of the “ hourly scale” divide it into ten- and one-min- 
ute intervals. Now, placing the star’s hour angle at the 
meridian line, by the aid of this scale divide the moon's path 
on one side into intervals of ten minutes ; then take the moon’s 
semi-diameter scale and find the approximate places of the 
moon’s center at immersion and emersion. The ten minute 
intervals within which the moon’s centre will lie are then to be 
divided into minutes and the exact places of the moon’s center 
at immersion and emersion found. Then, placing the “standard” 
time of geocentric conjunction at the meridian line, again di- 
vide the moon’s path (on the other side) as before, and we have 
at once the “standard” time at which the immersion and 
emersion will take place. Circles may now be drawn to rep- 
resent the moon if desired, the north points and vertices found 
and the angles measured and the computation is complete, giv- 
ing the following results, Eastern standard (75th meridian time): 

Immersion, at 10/ 32.77 at 124° from the north point and 
96° from the vertex. 

Emersion, at 11% 42.9m, at 285° from the north point and 
245° from the vertex. 

Duration of occultation, 1% 10.2. 

At the observatory the immersion was observed by Prof. 
Searle with the 6% in. Clacy refractor at 10% 32m 17.2s. The 
emersion was not seen. 

If all occultations visible at a place are to be computed, it 
will be found very convenient to go over the “Elements” in 
the Ephemeris and select those fulfilling the conditions of vis- 
ibility, and mark on the margin of the page opposite the par- 
ticular occultation the quantities O and m. Then, when con- 
structing the diagrams, all the quantities may be taken directly 
from the Ephemerts, and measured at once. I have said that 
not over fifteen minutes was consumed in computing an occul- 
tation by this method, but I very frequently compute one in 
ten minutes,and I think that anyone, having acquired that 
familiarity with the process which comes with practice, can do 
the same. 
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ON PERSONAL ERRORS IN DOUDLE-STAR OBSERVATIONS. 





H. C. WILSON, CINcINNATI OBSERVATORY. 





(Continued from page 179.) 
FoR THE MESSENGER. 


Similarly it may be shown that at 90° (fig. 5, page 175) the 
parallel measure will presumably coincide with the true angle, 
while the normal measure will deviate in the directions zz and 
n'n' according as the head is inclined to the right or left. It 
will be seen that the errors of the normal measures increase 
with the angle from the vertical, while those of the parallel 
measures increase with the angle from the horizontal; and 
that both change signs with the quadrants. The corrections 
to be applied may be determined from the differences between 
the two classes of measures of the same stars. 

The effect of the inclination of the head upon the measures of 
distance is notso apparent. In my own case, the difference be- 
tween normal and parallel measures (u—p), is negative near 
the vertical and positive near the horizontal position, while it 
passes through zero near 45°. This would seem to indicate 
that with me the inclination of the head produces a tendency 
to exaggerate distances, while it makes no difference whether 
the eyes are normal or parallel to the stars. 

It may be of interest to give here the results of an investi- 
gation of my personal errors during the period from 1882 to 
1886. For this investigation I selected these stars which I 
had observed with both positions of the eyes on the same 
night, in order to eliminate the effects of bias peculiar to cer- 
tain nights. Most of the observations were made with a mag- 
nifying power of 450. In the preliminary investigation I used 
only the measures made with that power. Afterward measures 
made with other powers were included, the differences having 
been first multiplied by the square root of the ratio of the 
magnifying power to 450. The difference —? for each pair 
of measures of position angle, then gave an equation of the 


form, 
e=a+bw+cw'*?+etc., 


in which w represents the reciprocal of the distance between 
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the stars, and a, 6, and ¢ are coefficients te be determined and 
which depend upon the angle with the vertical, the method of 
observing, and the peculiarities of the observer. Dividing the 
equations into groups depending upon the angle with the ver- 
tical and solving by the method of least squares, the following 
set of equations was obtained : 











u—p No. 
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The groups near 0° and 90° were omitted because I had neg- 
lected to note the direction in which my head had been turned 
for each measure. he signs in those groups were therefore 
discordant and I did not feel at liberty to change them 
arbitrarily to make them agree. It will be seen that the signs 
are all negative in the first quadrant and positive in the second, 
and that the coefficients do not differ more than can be ac- 
counted for by accidental errors of observation. Indeed, if we 
take the means of the three equations in each quadrant we 
shall find that they are numerically identical. It is probable 
that the difference (z—) is constant for any given distance 
and the corrections z and / will therefore be complementary 
to each other. I preferred, however, to retain the coefficients 
as they stand in the above equations and to form from them, 
by interpolation, a table of corrections, assuming that the 
error should be equally divided at 45°, and that it should be- 
long wholly to the parallel measures at 0°, and to the normal 
measures at 90°. After the preliminary corrections had been 
applied, the arithmetical means of all the observations of each 
star were taken and from these means the individual, uncor- 
rected observations were subtracted. The resulting differ- 
ences arranged in groups according to angle and distance are 
given in the following tables: 
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15° No. $5 ited G5 x 
a p ] 
0”— 2” + 0°.3 —3°.8 5 2 ae 1 4 — 0.7 4 
2—8 0 .2—1.6 16 ( —0 9 >) 1.4 —0O .4 15 
8 —32 | +0.2-—038 12 0.5 —0O 5 13 ».9 0.1 6 
105° No 139 No \ No 
p 7 Pp p 
0”— 2” —4°.2 + 0°.8 10 — 2°.0 1°.6 15 0°.4 6 11 
2—8 —1.4+04 15 —0 6 03 45) —9 4 1 .6 16 
8 — 32 --0 6 0 2 5 —0 3 0 2 16 —0 2 0.7 6 





The corrections seem to be practically the same in both 
quadrants, only in the reverse order; also, the corrections to 
normal are the same as those to parallel in the reverse order. 
They may therefore be combined, without regard to sign, in 
groups which depend upon the angle of inclination of the head, 
and if the mean distances of the three groups be assumed 1” 
5” and 16”, we shall have 





15 ni 
1 0°.5 $°.0 
5 03 0 15 
16 0 2 0 4 0.8 





The sign + applies when the head is turned to the left, and 
sign — when the head is turned tothe right. In these groups 
the corrections are approximately proportional, directly to 
the angle, and inversely to the square root of the distance. 
They may therefore be represented with a sufficient degree of 
accuracy by the general formula 

=alVy 
in which / represents the angle of inclination of the head and 
a is the only coefficient to be determined. Applying this 
formula to all of the observed differences, I obtained the fol- 
lowing values of a for the three groups : 
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a=+0.040 
a=+0.038 
75 a@=+0.043 


Mean a=+0.040 
The agreement between these values is quite satisfactory 
and a may be assumed constant. 
The above corrections may be perhaps a little more ac- 
curately represented by the formula 
c—a+é6 w+ etc., 
but the coefficients a and 4 will vary withthe angle. The 
equations for the three groups will be 
Isn°c=+0°.2+0°.4 Ww 
45 ¢=+ 03+ I.5 mw 
75 c= + 06+ 3.47 
The corrections computed by the two formule are nearly 
identical up to 75°; and observations made with the head in- 
clined more than 75° should be rejected. I prefer therefore to 
use the first form. 
The comparison of the measures of distance gave the follow- 
ing results: 
NORMAL—PARALLEL. 




















0 No 45 No Qo No 135° No 
( 2 —0".07 fi 03 13 6”.08 4 —)”.01 13 
2—8 —0 .05 12 0 .00 21 0 .10 14 —) .03 26 
8 — 2 —0 .15 5 0.01 12 0 .06 2 0 .03 7 
Mean. —) .09 24 0 .00 1} 0 .09 18 0 .00 46 





These differences do not appear to vary with the distance 
but do not show considerable change with theangle. The 
fact that the parallel measures are the greater at 0° and that the 
normal measures are the greater, by the same amount, at 90°, 
z. e., the measures in which the head is inclined most are lar- 
gest, would seem to indicate that the inclination of the head 
produces a tendency to exaggerate distances, while the fact 
that the measures are equal at 45° and 135°, where the inclina- 
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tion is equal in either direction, would seem to show that no 
effect is produced upon the distances by the different relative 
positions of the eyes and stars. It is probable that the meas- 
ures would be improved by the application of a system of cor- 
rections something like the following : 


n Pp 
° ” ” 
O 0.00 —0.09 
45 —0.04 —0.04 
90 —0.09 0.00 
135 —0.04 —0O.04 
180 0.00 —0.09 


The effect of neglecting these corrections would, however, 
only produce a constant error in the distances of about + 0”.04. 
I concluded therefore not to apply any corrections to my 
observations of distance. 

In order to test my personal equation by comparison with 
other observers, I collected all the available measures of the 
doubles in my working list, rejecting in the comparison all 
binaries and doubtful measures. The results of the comparison 
between my corrected measures and those of W.STRUVE, 
DEMBOWSKI, BURNHAM and the previous Cincinnati observers, 
are given in the following tables, arranged in groups according 
to angle and distance: 


COMPARISON OF POSITION ANGLES. 




















W.—Str. No. W.—Dem. No. W.—Bu. No w.—c. O. No. 
0 G°.1 3 6°.4 1) +0°.6 46 
45 0.8 19 0 9 11 0 + 44 
) 0.6 12 0.5 1 1.0 ’ +0 7 3 
135 0.7 12 0.8 16 1.1 ) 1.3 15 
Mean. +0 5 0.0 0.4 0.9 
W.—Str. No. W.—Dem. No. W.—Bu. No Ww.—c. O. No 
1/—2” 0°.6 6 0°.6 12 +0°.5 8 1°.8 38 
2-4 0.1 17 0.1 17 0.4 1¢ 0.7 42 
{—s8 ae 11 0 .4 12 0 .3 6 0.8 39 
5 16 @ 3 16 0 0 14 0 1 5 07 38 
16 —32 0 3 7 0.1 5 0.8 21 
Mean. | +0 .4 0.1 mae asia, 
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COMPARISON OF DISTANCES. 























W.—Str. | No.| W.—Dem. No. W.—Bu No. Ww.—cC.O No 

0 0” .11 93 0”.18 o%1) 0” .07 5 0” 0. Ati 

45 +0 .19 10 0 .15 11 +0 .21 10 +0 07 14 

90 | +0 9 12 ) 25 13 0 .16 9 0.07 13 
135 | +0 .16 12 i 14 16 +0 .19 4 ~0 08 15 
“Mean. | 0.16 0 .19 0 (16 +0 .05 2 

| 

W.—Str | No.| W.—Dem No W.—Bu No w.—c.0O. | No 

172” | 0’ .02 6 0” .09 } 12 0” 22 8 | +0” ,08 38 
2—4 +0 .09 17 | +0.14 | 1 +0 .07 10 | 0 .03 42 
4—8 +0 .30 11 | +0 .33 12 0.10 6 | +0 .09 39 
8 —16 +0 235 | 16 | 0 .30 14 +0 .39 8 | +0 .10 38 

16 —32 | —§ .6 v4 —) .0v Th! eae SO) al 21 
| ~ +0 .12 | — | ~ +0 .17 | (+0 .19) | | +0 .05 | i: 

| | 





Professor STONE found, by comparison with the corrected 
measures of W. STRUVE, that the position angles in Publica- 
tion No. 5, require a constant correction of about + 0°.6 
(Introduction, page xix). This will explain, in part at least, 
the nearly constant difference between my measures and those 
of the previous Cincinnati observers as indicated by the column 
w—c.o. It appears then from the first two tables that my 
systematic errors in the measurement of position angles have 
been satisfactorily eliminated. 

In the last two tables, on the other hand, all the compari- 
sons conspire to show that my measures of distance, except 
for large distances, are too great. It is interesting to compare 
the differences in the last table with the following corrections 
to the distances of Str., Dem. and C. O., as derived by com- 
parison with O. STRUVE’S results (see Pulkowa Observations 
Vol. IX, page 131, and Pub. Cin. Obs. No. 5, page xxiii). 














Str Dem. C.0O 
- r 
17 6 vy .00 +0’ .02 0.08 
2.9 | +0 114 | +0 114 +0 .20 
5 .6 +0 .22 0 .22 | 0 .22 
12 .0 +0 .19 +) 20 | +0 .06 
23 .9 0 .O8 0 .06 | 0 .16 
0.13 0.13 0 OS 
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When these corrections are applied my deviations almost 
entirely disappear. If, then, O. STRUVE’S results are reliable, 
I may conclude that my measures of distance as well as of 
angle are nearly free from systematic error. 

Mt. Lookout, April 15, 1886. 





EDITORIAL NOTES. 


The next number of the MESSENGER will be published for 
September, as August will be one of our vacation months. 





The meeting of the American Association for the Advance- 
ment of Science for 1886 will be held in Buffalo, N. Y., begin- 
ning August 18. Accommodations at the large high school 
building of that city have been secured, and adequate local ar- 
rangements are assured, and a large meeting is anticipated. 
For particular information address the local Secretary, Dr. 
Julius POHLMAN, Buffalo, N. Y. 


DISCOVERY OF COMET BROOKS No. 3, 1886.—On Saturday 
evening, May 22, 1886, I discovered a new comet in the head 
of Virgo, its approximate position being R. A. 114 45 and 
Decl. +10°. Although in a nebulous region, I at once sus- 
pected its cometary character, and prompt telegraphic notifi- 
cation was madeto Dr. SwirT of the Warner Observatory. 
The next evening I was enabled to confirm the discovery by a 
second observation, as also did Dr. Swirr the same evening, 
both observations being made with difficulty through thick 
haze. 

The comet is large, nearly round, and not a difficult object 
in a fair sized telescope. An observation obtained last even- 
ing gave its estimated position, R. A. 11% 58m 30s and Decl. 
+6" oF". WILLIAM R. BROOKS. 

PHELPs, N. Y., May 29, 1886. 


From the Albany positions of May 25, 28, and 31, Mr. H. V. 
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EGBERT has computed the following elements, which are 
published by permission of the Director of the Dudley Ob- 
servatory. 

ELEMENTS. 


1886, May 28.76, Greenwich M. T. 


° 


II 


R—Q=170 13) 
Q= 46 03 » Mean Eq. 1886.0. 
i= 16 $9} 
q= 1.51 
Light May 25=1.0. 


W& « 


> 


The comet is about one and one-half minutes of arc in diam- 
eter and faint, with an ill defined nucleus in the n p part.— 
Science Circular, No. 70. 


The elements of this comet have also been computed by Dr. 
H. OPPENHEIM, varying but little from those given by Mr. 
EGBERT. Weare not aware that an ephemeris of this comet 
has been computed by any one beyond June. 


OBSERVATION OF COMET c (BROOKS) 1886.—Ring microm- 
eter observation of Comet c, made at Vanderbilt University 
Observatory, as follows: 

Nashville mean time, 1886, May 24, 82 46m 48s. 

Apparent right ascension, 11 527 43.82s. 

Apparent declination, +8° 20’ 26.2”. 

From four comparisons with Yarnall 5021, 

Comet preceded star by 2m 28.52s. 

Comet south of star 12’ 277”. 

Mean place of star for 1886, .o. 

Right ascension 11 557 11.055. 

Reduction to apparent R. A. +1.29s. 

Declination, 8° 33’ 1.0”. 

Reduction to App. Decl. —6.5s. E. E. BARNARD. 





THE DOUBLE STARS 30 AND 41 GEMINORUM.—The wide 
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unequal pair 30 Geminorum, the discovery of which is attributed 
to Mr. EDGECOMB in 1878, appears to have been first noted by 
Lamont in 1836. The only measures I know of are: 


Lamont, 185.1° : 32.00” : 1836.24 
3, 184.1 : 28.05 : 1879.06 


The difference is probably due to the proper motion of the 
large star. The neighboring star, = (31) Geminorum, has also 
a distant comes according to the Munich observer. = has an an- 
nual proper motion of —0.0087 seconds and —o.195” (Auwers). 
In his note on 41 Geminorum (/ ¥ 162) in the 47th volume of 
the “Memoirs” of the R. A. S., Mr. Burnham remarks that 
the measures of Maedler and his own “ would seem to indicate 
considerable change if the early distance is correct,” (of also 
Memoirs R. A.S., vol. xliv) and he gives the following results: 


Maedler, 164.9° : 13.5” : 1843.22 
2, 154.9 : 21.16 : 1879.15 


ui 


This eminent observer has, however, apparently overlooked 
Maedler’s note on this object appended to his single observa- 
tion, recorded in the 11th volume of the Dorpat Observations, 
page 53, ‘‘distanz geschatz.” Taking all the circumstances 
into consideration, it would perhaps be premature to suggest 
any real change in the angle. DEMBOWSKI only appears to 
have looked for this object once, and notes “ 1865.97, veduta 
nessuna compagna.” It was rejected from the revised cata- 
logue of O. STRUVE because the distance was over 16’, and 
the magnitudes of the companion less than 8—9. 
HERBERT SADLER. 


LARGE PROPER MOTION IN A SMALL STAR NEAR 
OPHIUCHI.—-In the “ English Mechanic” for July 14th, 1882 
drew attention to the very large proper motion of a star near 


7° 
= 


70 Ophiuchi (+ 2272), and again in the pages of the same peri- 
odical for July 1oth, 1885. I believe that the proper motion in 
question is by far the largest hitherto known to occur in the 
case of so small a star, for Professor HALL rates it about 13 
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mag., though as Se. called it 11 mag. in ~’s scale, the Wash- 
ington observer may have estimated it rather too faintly. It 
seems to have been first noticed by the late Admiral SMYTH, 
as a little star about 5.5 seconds of time south preceding 70; 
but the only measures I know of are as follows: 
Secchi, 215.08°: 8 
Hall, 197.84:7 


7.514. 1856.627 

1.384. 1878.842 

The annual proper motion of 70 Ophiuchi is about 1.13” in the 
direction of 169.5°, and that of this small star 1.28” in about 
$2°,or larger than that of 70 Ophiuchi itself, and far larger than 
any hitherto known to belong to so faint a single star (for such 
the distance of this faint comes from the bright pair entitles it 
to be called); as FLAMMARION’S ascription of a large proper mo- 
tion to a small star between 36 Ophiuchi and 30 Scorpii is ob- 
viously untenable, and indeed rests wholly on the presumed 
accuracy of a diagram by Admiral SMYTH. The measures of 
that observer are not usually considered to be very reliable 
now-a-days; his diagrams resemble nothing in the heavens 
above, or in the earth beneath. In view of the very large de- 
viations of the motion of the components of 70 Ophiuchi from 
the orbits constructed from the best observatories, deviations 
which are increasing with very great rapidity, and to which I 
drew attention in my note in the above mentioned paper of 
July roth, 1885, it is desirable that this small star should not 
be neglected by those astronomers who measure the bright 
pair, though it may exceed the ordinary limits of distance. 
There is another small star in 49.59° : 87.209” : 1878.84 (HALL) 
which was only observed in position angle by SECCHI (67.2°). 
The change is probably due to the proper motion of 70 
Ophiuchi itself. HERBERT SADLER. 

London, June oth, 1886. 


From Prof. FRISBY’S 





ORBIT OF COMET @ 1886 (BROOKS). 


observation of May 3d, and my own of May Ist and 6th, com- 
prising an arc of some 10° in geocentric longitude and 8° in 
jatitude, I have computed the following orbit of Comet 4 1886 
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(BROOKS). The observations have been corrected for paral- 
lax and aberration, and the orbit carried to a second approxi- 
mation, a third being unnecessary. 


I 


T=1886, May 5.02796, Gr. M. T. 


t— Q= 39 46 12 
Q=288 34 1 -Mean Eq. 1886 
#=I101 I 39 

log g=9.92562. 

Middle Place (c—. 


JAcos j=— 


tou ut 


O. C. WENDELL. 
Harvard College Observatory, June 10, 1886 





THE GREAT LICK EQATORIAL.—The contract for mount- 
ing the 36-inch objective has been awarded by the Lick Trus- 
tees to Warner & Swasey, of Cleveland, for $42,000. The tel- 
escope is to be fifty-seven feet long; the diameter of the tube is 
forty-two inches. The tube is suspended at the middle, and 
the point of suspension is to be thirty-seven feet above the 
floor of the dome. The axes on which the tube moves are 
supported by a heavy iron column 17x10 feet at its base. Pro- 
visions are made by which it is possible for the observer at the 
eye end of the telescope to command all the possible motions, 
and these same motions can also be controlled by an observer 
stationed on a small balcony twenty feet above the floor. It is 
expected that in spite of the great size of the telescope itself 
and of its great weight, the mechanism will be so delicately 
adjusted as to require little physical force. Messrs. Warner & 
Swasey are to have this mounting completed in April, 1887, 
and sometime during the summer of 1887 the glass will be 
brought to Mount Hamilton and put in place. The costofthe 
entire apparatus is as follows: Cost of the dome, $56,850; 
cost of the mounting, $42,000; cost of the visual objective, 
$53,000 ; additional cost of the photographic objective, $13,000. 
Total, $164,850. Besides these sums several thousand dollars 
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will be required to put the instrument into its final completed 
state. 


NOTE ON REPOLISHING SURFACES OF ROCK-SALT.—In the 
Proceedings of the American Association for August 1885, Mr. 
J. A. BRASHEAR describes a method for producing optical sur- 
faces of rock-salt which in his hands gives results leaving little 
to be desired in the way of accuracy of figure and brilliancy of 
polish. These surfaces, however, when exposed to the air, de- 
teriorate more or less rapidly, according to the hygrometric 
conditions at the time, and soon become opaque and unfit for 
use. As the change in an ordinary dry state of the atmosphere 
is a gradual one, it is often a rather nice question to decide 
when it has advanced to such a point as to render the surfaces 
unfit for their work. The production of brilliant surfaces by 
Mr. BRASHEAR’S method requires, besides the necessary appli- 
ances, much experience in such manipulations, doubtless well 
worth acquiring, but net always in the possession of the exper- 
imenter, and thus the restoration of the original polish when 
dimmed will in general be beyond his power. 

It very frequently happens, however, in investigations in 
radiant heat, where rock-salt finds its chief use in physical re- 
search, that the extreme accuracy of figure obtained by the 
above process is by no means necessary, whereas great trans- 
parency, z.¢., with good material, brilliancy of polish of the 
surfaces is always absolutely essential. Under these condi- 
tions it is convenient to have some rough and ready way of 
renewing the polish of the dimmed surface, even at the ex- 
pense of its perfection of figure. 

After considerable experimenting with different substances, 
I have found nothing which gives better results for this pur- 
pose than thick, soft Canton flannel. It should be spread out on 
a smooth flat surface like a table top, or, better, a marble slab, 
with the furry side up. Breathe evenly over the surface of the 
rock-salt prism or plate and rub it quickly with circular and 
then with straight strokes upon the flannel. As soon as it 
glides easily, without much friction, remove it and examine 
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the surface, and if not bright repeat the operation, using a 
different part of the cloth. It is best to wear a pair of kid 
gloves, to avoid the condensation of moisture from the hands. 
A surface almost as bright as the original can be produced in 
this way, and the irregularities of figure caused by the rubbing 
are surprisingly small. A prism by Mr. BRASHEAR, which had 
been treated as many as eight times in this manner by the 
writer, still defined the Frauenhofer lines with considerable 
sharpness, and the refracting angle had been altered less than 
1’. The surfaces, when examined with a test plane by means 
of interference bands in sodium light, showed curious irregu- 
larities and a general slight convexity of figure. 

Lenses may be treated in the same manner, the cloth being 
held in the hand, unless a rounded surface of approximately 
the curvature of the lens is at command, but as they are usu- 
ally thin they must be handled with great caution. It will of 
course be understood that nothing can be done in this way 
with surfaces originally bad, nor can much improvement be 
made in surfaces which have been badly corroded by exposure 
in too moist an atmosphere. The process applies only to sur- 
faces of good figure which have become dimmed by exposure 
under ordinary conditions. After being repolished in this way 
as Many times as experience shows is allowable, the surfaces 
must be treated by a more perfect process like Mr. BRASHEAR’S 


in order to restore their original accuracy of figure. 


+ 


J]. E. KEELER. 


DISCOVERY DATES OF BROOKS’ COMETS a, 8, ¢ 1886.— 


> 


The correct dates of discovery of the Brooks Comets a, 8, ¢ 
1886, are as follows; 
27. 
Comet 4, on the morning of May I. 
Comet c, on the evening of May 22, civil reckoning. 
On page 186 of the June MESSENGER the discovery of Comet 
a was given wrongly as April 28. 


Comet a, on the evening of April 27 





A New Minor Planet, No. 258 magnitude II, was discovered 
by Dr. LUTHER, at Dusseldorf, May 7. 
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The Movable Planisphere, 


By HENRY WHITALL. 


The Movable Planisphere of the Heavens is so graduated that every min- 
ute, when brought over any day, will show the visible Heavens, the sun 
and stars in their place, rising, setting, or in any part of the sky, all in one 
grand whole, not divided into parts, so difficult to patch together. None 
of the planets are marked, but an accompanying rule and the Almanac 
locate any one, or the moon, when by a prominent star, tell its name as 
well as when either will be together, so fully explained that most any child 
can with this key unlock the mystery of the changing sky; being to astron- 


omy what a map is to geography, or as a directory to the starry heavens, 
every minute, every day. 


U. S. NAVAL OBSERVATORY, Washington, D. C. 
This is to certify that I have examined a Movable Planisphere of the 
Heavens, at every minute, by Henry Whitall, and that it can be relied up- 
on to convert mean into sidereal time, to within a very small fraction of a 
minute. Wma. HARKNESS, Prof. Math. U.S. Navy. 


Two in a set, sent by mail, to any address, on receipt of $6.00. 
Address, HENRY WHITALL, 
Belvidere Seminary, Belvidere, N. J. 





GALLES 
CATALOGUE OF COMETS, 


FROM THE YEAR 


1860 TO 1884, 


Translated from the ‘‘ Astronomische Nachrichten"’ Nos. 2665 and 2666, 
and re printed from the 





SIDEREAL MESSENGER 


in pamphlet form. 


Smgie copies). 2. 1. ssc i ws a GOCE 
‘Thveecopies;.... . .. . ss ss» Ope Delian 
Address, 


WM. W. PAYNE, 
Carleton College Observatory. 











THE COSMOSPHERE. 





‘““PRIMARY PHENOMENAL ASTRONOMY,” 


By Pror. F. H. Batter, A. M., inventor of the Cosmosphere, illustrated above, half 


covered; and of the Astral Lantern. 


The work is an able presentation of a very novel meth 


. . . ‘ . : e. 
od of teaching Astronomy. It is written in an interesting style, and presents much that is 


novel besides the method of teaching advocated. 
astronomers but of a wide range of scholars. 


Northville, Wayne Co., Mich., Jan. 1886. 


It is attracting the attention not only of 


12 mo: paper, 104 pp. Mailing price, 25 cts. 





Astronomical Telescopes. 


Parties desiring Astronomical Telescopes of any size, or by any maker, with or without 


Equatorial Mounting, Driving Clock, and Circle 


s, or with or without Observatory, will find 


it to their advantage to correspond with Post Office Box 112, Camanche, Clinton County, 


Iowa, for low cash prices. 


Telescope for Sale. 


oe 


Telescope for Sale 


Address, R 





THIRTEEN-INCH aperture Reflecting Tel- 
escope, $350. 
E. TYDEMAN, Linden St., Camden, N. J. 


, 


A 4.8 inch clear aperture, portable, Equator- 
ial Telescope for sale. Its focus is 70 inches. 
Instrument is new and first class in quality. 


. BROWN GANS, Brown’s Station, Mo. 
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ASTONISHING 


\, That not one teacher in — either 
ig understands or can readily explain: 





1. Change of Season and Causes. 


Topics and Signification. 
Zones and Origin. 
Phenomenon of Midnight Sun. 
Phazes of Moon. 

Twilight Belt. 

Tides and Eclipses. 


I 2A Pep 


YET 


ANDREWS’ TELLURIAN 


(SEE CUT) 
SHOWS ALL THESE POINTS CLEARLY BY OBJECT TEACHING, 
IN FACT, THIS APPARATUS IS A REVELATION TO TEACHERS. 


The Triumph School Desk, 
Dovetailed and Doweled together, takes 


the Lead of all. 





SIXTY KINDS OF GLOBES, ALL SIZES. 


40 Kinds of Blackboards, including Liquid Slating and the Celebrated 





Which is put on as a Black Mortar, better than Stone Slate, and costing say one-fifth as much. 


The Dustless Eraser 


Takes the lead by all odds, in du- 
rability, beauty and comfort. 
Ten sold to one of any 
other kind. 
Crayons, Maps, Charts, Geometric Forms and Solids, Etc. 


Send for Circulars to 


A. H. ANDREWS & CO., 
195 Wabash Ave., Chicago. 








R.S. ALLEN, 


Refracting Astronomical Pelescopes, 
ALT. AZIMUTH OR EQUATORIAL MOUNTINGS, 
OBJECTIVES, EYE-PIECES, PRISMS AND AOCESSORIES 


Manufactured and Furnished at Short Notice. 





No. 136 WESTMINSTER STREET, PROVIDENCE, R. I. 





$1.00 WORTH OF CARDEN SEEDS FREE. 


A good many people make gardens, and those who do so should try 
Northern Grown Seeds this year. They produce more vigorous and ear- 
lier plants, as has been proved again and again by experiment. The pub- 
lishers of the Housekeefer (price $1.00 per year) give $1.00 worth of garden 
or flower seeds, your own selection, as a premium to every subscriber for 
one year, thus giving $2.00 for $1.00. Send for specimen copy and partic- 
ulars as to offer to Buckeye Pub. Co., Minneapolis, Minn. 


FLOWER SEEDS FREE. 


The publishers of the Housekeefer are anxious to secure a larger number 
of three month’s trial subscribers, and offer to mail, postpaid, to any lady 
who sends twenty-five cents for a trial subscription three months, twelve 
packets of American grown choice flower seeds. For specimen copy of this 
charming home paper, and full particulars as to offer, address Buckeye 
Pub. Co., Minneapolis, Minn. 





CARLETON COLLEGE, 


NORTHFIELD, MINNESOTA. 
Full Preparatory and Collegiate Departments. 
English, Scientific, Literary and Musical Courses. 
~ All Departments Open to Students of Either Sex. 
Expenses Very Low. 
\The Central Office of the State Weather Service is located at Northfield, and under the 


direction of Carleton College, affording special advantages for the study of Meteorology, 
and the Signal Service of the Government. 


CALENDAR. 

Spring Term begins Wednesday, March 31, and ends June 17, 1866. 
Examinations to enter College, June 12 and 14, and September 7, 1886. 
Term Examinations, June 15 and 16, 1886. 
Anniversary Exercises, June 14-17, 1886. 
Exhibition at Art Room of work of Pupils in Drawing and Painting, June 

14-17, 1886. 
Wednesday, September 9, 1886, Fall Term begins. 

For further information address, 


JAMES W. STRONC, President, NORTHFIELD, MINN. 




















FAU'TEH & CO., 


ASTRONOMICAL WORKS, 


WASHINGTON, D. C. 

















TRANSIT CIRCLE.—4 inch objective. 16 inch circles. 
Equatorials, Transits, Meridian Circles, Astronomical Clocks, 
WITH BREAK-CIRCUIT ARRANGEMENT, 


CHRONOGRAPHS, 


Level Vials reading to single seconds, Eyepieces of all kinds, Micronometers, Spectroscopes, 
and Astronomical outfits ofevery kind. Alsoall kinds of instruments for higher Geodesy 
and Engineering purposes. 


t=" SEND FOR NEW CATALOCUE. = 





WARNER & SWASEY, 


OBSERVATORY OUTFITS. 
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6-INCH EQUATORIAL. 
OQOUATORIAL TELESCOPES, 
From 6-inch aperture to the largest size. 


WARNER & SWASEY, CLEVELAND, OHIO, U. S. A. 


es 





